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SUMMARY

Wind-tunnel tests of a model of an advanced general aviation canard configqura-
tion were conducted in the Langley 30- by 60-Foot Tunnel. The objective of the tests
was to determine the aerodynamic stability and control characteristics of the config-
uration for a large range of angles of attack and sideslip for several power
conditions,

For forward center-of-gravity locations, the model did not exhibit any stability
and control characteristics which would be viewed as unsafe., The results also indi-
cate that the configquration would be extremely stall resistant. This highly desir-
able stall-resistance characteristic resulted from the fact that the canard was
designed to stall prior to the wing. Stalling of the canard resulted in increased
longitudinal stability and decreased elevator effectiveness; both effects limited the
maximum obtainable trim angle of attack to values below those required for wing stall
for all power conditions tested.

For aft center-of-gravity locations and high-power, low-speed conditions, the
combined effects of nose-up trim changes due to power and reduced longitudinal sta-
bility overpowered the stall resistance provided by the canard. ILarge nose-up ele-~
vator control inputs in this condition could result in stalling of the wing. Wing
stall results in longitudinal instability and large nose-up moments which would tend
to increase angle of attack to a high-angle-of-attack, deep-stall trim condition.

The configuration had insufficient elevator effectiveness for recovery from the high-
power deep-stall condition. Both a reduction in power and use of nose-down elevator
were required for recovery.

Lateral-directional stability and control characteristics were degraded at wing-
stall and post-stall angles of attack. In particular, the dihedral effect became
unstable at stall, large directional trim changes occurred at high power settings,
and the rudder and aileron effectiveness became negligible at angles of attack asso-
ciated with the deep-stall condition.

The wind-tunnel results also indicate a marked reduction in longitudinal sta-
bility at negative angles of attack because of increased aerodynamic interference
between the canard and the wing. Although the elevator remained effective for this
condition, the loss of longitudinal stability (particularly for aft center-of-gravity
locations) .is undesirable.

INTRODUCTION

Wind-tunnel tests of a 1/3-scale model of an advanced canard-configured general
aviation airplane were conducted at the NASA Langley Research Center. BAn extensive
test program was accomplished for a large range of angles of attack, angles of side-
slip, and power conditions. Flow-visualization tests were also conducted to aid in
the interpretation and analysis of aerodynamic characteristics. The information
presented herein is a summary of the more pertinent results and conclusions obtained
during the tests.



SYMBOLS

All longitudinal forces and moments are referred to the wind-axis system, and
all lateral-directional forces and moments are referred to the body-axis system.
Moment data are presented for a forward center-of-gravity position of fuselage sta-
tion 23.3 in. (-73 percent of the reference mean aerodynamic chord} and for an "aft"
center-of -gravity position of fuselage station 24.8 in. (-63 percent of the reference
mean aerodynamic chord). The center of gravity was located on the thrust axis to
eliminate any moments due to the thrust moment arm. Dimensional quantities are pre-
sented in U.S. Customary Units.

b wing span, £t
CL confiquration lift coefficient, glgt
o
Cr, 1lift coefficient of canard, Canard 1ift
tC q S
© c
c 1ift coefficient of wing, +=nd Lift
L,w qms
C1 rolling-moment coefficient, Rolllggsgoment
-]
bC1
c = —
1 0
B B
Cﬁ pitching-moment coefficient, Pltch;ngémoment
>
Cy normal-force coefficient, Norm:lsforce
-]
C yawing-moment coefficient, Yawing moment
n qmsb
acn
c = —
n o}
8 B
Cop thrust coefficient, Ihrust
q.S
c mean aerodynamic chord, in.
F, normal force of canard, 1bf
Fp normal force of propeller, 1lbf
Fo normal force of wing, 1lbf
q, free-stream dynamic pressure, lbf/ft2
S reference wing area, ££2



S exposed planform area of canard, £12

c

o angle of attack, deg

B angle of sideslip, deg

6e deflection angle of elevator, positive for trailing edge down, deg
Abbreviations:

BL butt line, in.

CeQe center of gravity

FS fuselage station, in.

L.E, leading edge

WL water line, in.

DESCRIPTION OF MODEL

A three-view sketch of the 1/3-scale model is presented in figure 1, photographs
of the model are shown in figure 2, and geometric characteristics of the model are
listed in table I. The design incorporated a close-coupled, fixed canard and an aft-
mounted wing of relatively low sweep. A single-slotted flap (referred to herein as
the elevator) on the canard provided pitch control, inboard wing-mounted ailerons
provided roll control, and a conventional rudder provided yaw control.

The model was constructed primarily of wood with a fiberglass outer skin. Power
for the propeller was provided by a tip-turbine air motor driven by compressed air.
Berodynamic characteristics of the complete model were measured with a conventional
six-component strain-gage balance that was internally mounted. In addition, auxil-
iary balances were used to measure the individual aerodynamic contributions of the
canard and of the outer right wing panel. The canard spar and the carry-through
structure were mounted directly to a strain-gage balance in the fuselage nose sec-
tion. The right wing was constructed of separate inner and outer panels, and the
outer panel was mounted to a strain-gage balance located within the inner wing-panel
structure. The gap between the inner and outer wing panels was sealed with flexible
tape.

The tests were conducted in the Langley 30- by 60-Foot Tunnel. As shown in
figure 3, the model and its internal strain-gage balances were mounted to a motorized
sting assembly which was remotely actuated to travel along a curved strut for varia-
tions in the model angle of attack. The variations in angle of sideslip were pro-
vided by a second remotely actuated motor which rotated the base of the curved strut
about a vertical axis. As shown in figure 3, compressed air for the air motor was
provided by flexible plastic hoses, which trailed behind the sting assembly during
tests.

The tests were conducted for a range of angles of attack of -28° to 92° and for
a range of angles of sideslip of %15°. Besides longitudinal and lateral-directional
force and moment tests, control effectiveness tests and component build-up tests (to
identify aerodynamic contributions of individual airframe components and aerodynamic
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interference effects) were conducted. In addition, wool tufts were used in flow-
visualization tests to define airflow characteristics over the model.

The test program was conducted at a wind-tunnel airspeed of 69 ft/sec, which
resulted in a dynamic pressure of 5.6 lbf/ft2 and a Reynolds number of 0.55 x 10
based on the mean aerodynamic chord of the wing. In view of the relatively low value
of test Reynolds number, the reader is cautioned that the aerodynamic characteristics
of a full-scale airplane may be different than those of the present model because of
Reynolds number effects. All aerodynamic data have been based on the geometric char-
acteristics of the wing.

STALL: CHARACTERISTICS OF CANARD CONFIGURATIONS

The results of the wind-tunnel test indicate that the stability and control
characteristics of the model were generally satisfactory for the low angles of attack
representative of cruise conditions. However, the stall and post-stall characteris-
tics of the configuration varied from highly desirable to undesirable, depending on
center-of -gravity location and power condition. Prior to discussion of these
results, a brief review of some fundamental principles of design for satisfactory
stall characteristics of canard airplanes will provide background to aid in interpre-
tation of the data and discussion.

Shown in figure 4 are wind-tunnel data (ref. 1) measured in the Langley 30- by
60-Foot Tunnel for a pusher canard-airplane design known to be very stall resistant
on the basis of flight experience, In figqure 4(a), the variations of 1lift coeffi-
cient C and pitching-moment coefficient ¢C€_ with angle of attack a« are pre-~
sented for the elevator fixed at a maximum nose-up deflection angle. The lift curve
shows two distinct breaks. The first break, which occurs near « = 11°, resulted
from stalling of the canard surface, which was designed to stall prior to the wing.
The second lift break occurs near « = 24° and is indicative of wing stall.

The inherent angle-of-attack-limiting characteristic of the foregoing stall
sequence is illustrated by the pitching-moment data. The configuration is longitudi-
nally stable for angles of attack from 0° to 10°, since the slope de/da is nega-
tive. BAs expected, the maximum elevator deflection produces large nose-up values
of Cm at low angles of attack; however, as angle of attack is increased to 11°, the
previously mentioned canard stall is encountered, resulting in an incremental loss of
canard 1lift with further increases in angle of attack. The stabilizing 1ift contri-
bution of the unstalled wing then dominates, and therefore the configuration experi-
ences a marked increase in stability, as shown by the pronounced increase in negative
slope of C, near a = 14° in figure 4(a). The maximum obtainable trim angle of
attack is limited to about 16°, well below the value of 24° required for wing stall.

In addition to the increase in stability provided by canard stall, the phenome-
non also results in decreased elevator effectiveness, since stalled flow also exists
on the canard-mounted elevator. Therefore, as shown in figure 4(b), the elevator
deflection required for trim at high angles of attack increases significantly, and
wing stall cannot be induced for maximum elevator input.

The effectiveness of this highly desirable stall-resistance characteristic pro-
vided by the canard configuration concept can be influenced by many design variables,
including airfoils and relative geometry of the canard and wing, propeller location,
and center-of-gravity location. The effects of these variables must be accounted for
in order to ensure that the wing cannot be stalled; in addition, the airplane must be

4



recoverable from excursions at high angles of attack generated by special maneuvers
such as tail-slide maneuvers or zoom stalls to zero airspeed.

RESULTS OF FLOW-~VISUALIZATION TESTS

Flow-visualization and force tests made with the model of this investigation
indicated that the configuration complied with the basic principle of canard airplane
design in that the canard stalled before the wing. Results of wool tuft flow-
visualization tests conducted to analyze stall behavior of the canard and wing sur-
faces are presented in figure 5. The photographs, which were taken from a rear over-
head position, illustrate the flow over the model for neutral controls with the
propeller windmilling. The photographs are presented for a range of angles of attack
from 0° to 28°.

For a = 0° (fig. 5(a)), which corresponds to cruise conditions, the flow was
attached over the canard and wing surfaces. When the angle of attack was increased
to 6° (fig. 5(b)), flow separation occurred at the canard-fuselage juncture. The
separated-flow region increased in a spanwise direction for a = 10° (fig. 5(c)).
When the angle of attack was increased to 12° (fig. 5(d)), the flow over the left
canard surface stalled abruptly, followed by a similar abrupt stall of the right
canard surface at a = 14° (fig. 5(e)). Also apparent at o = 14° was the onset of
trailing~edge separation on the wing. At o = 16° (fig. 5(f)), the wing trailing-
edge separation increased, and at « = 18° (fig. 5(g)), the outer wing panels of
the wing stalled abruptly. For a = 22° (fig. 5(h)), the outer wing panels were
stalled, as was the canard. The tufts indicated attached flow on the canard elevator
as a result of flow through the slotted elevator. The downwash from the canard
resulted in a significant reduction in local angle of attack on the inner wing panels

and, therefore, the flow on the inner wing panels remained attached up to high angles
of attack.

Shown in figure 6 are photographs which illustrate the effects of power on stall
patterns at « = 28°, Figure 6(a) shows flow over the model for the windmilling
propeller condition, indicating stalled wing and canard surfaces with small areas of
attached flow on the inboard leading edge of the wing and slot flow over the canard
elevator. The effects of power on the flow patterns are illustrated by conditions
for a thrust coefficient C,, of 0.4, which is a value that corresponds to a high-
power, low-speed condition. For Cp = 0.4 (fig. 6(b)), the slipstream of the trac~
tor propeller significantly affected the flow over the right inboard canard and wing
surfaces. The previously noted separated flow at the canard-fuselage juncture became
attached, and the attached flow area on the inner right wing panel was increased.

The left canard and wing showed little effect of power, suggesting that the propeller
slipstream swirl may have caused the asymmetry effects by decreasing the local angle
of attack on the inboard right side of the model.

‘Flow-visualization tests made for the elevator deflections other than 0° and
analysis of force and moment data indicated an effect of elevator angle on canard
stall characteristics., For example, as elevator deflection was increased to the
maximum value of 35°, the stall angle of attack of the canard decreased by about 5°
and the canard stall was more abrupt.

As discussed subsequently, the relative angles of attack for onset of stall for
the canard and the wing, the relatively abrupt stall of both surfaces, and the effect
of power on the stall progression all had significant effects on the stall resistance
of the configuration.



LONGITUDINAI. CHARACTERISTICS FOR FORWARD CENTER~OF-GRAVITY LOCATIONS

The overall static longitudinal stability and control characteristics of the
model for forward center-of-gravity locations were satisfactory. In addition, the
results indicate a high degree of stall resistance, in accordance with the highly
desirable nature of canard confiqurations as previously discussed. A center-of-
gravity location of FS 23.3 in. was chosen for this phase of the tests.

The 1ift, drag, and pitching-moment characteristics obtained for this forward
center-of gravity location are presented for power—off conditions in fiqure 7. 'The
variation of lift coefficient with angle of attack is characterized by the two dis-
tinct breaks previously discussed for typical canard configurations. As shown by the
flow-visualization tests (fig. 5), canard stall occurred at o = 12° for 6_ = 0°,
and the canard stall angle decreased to « = 7¢° for Ge = 35°. Maximum lift and
wing stall occurred near « = 18°, also in agreement with observations made during
the flow-visualization studies previously discussed.

The pitching-moment data of figure 7 indicate that the longitudinal stability of
the model increased markedly as the canard stalled, as would be expected of a canard
configuration. Canard stall also resulted in an extremely large loss of elevator
effectiveness. The combined effects of increased stability and decreased control
effectiveness resulted in a maximum value of trimmed angle of attack of about 11° for
6e = 35° and CL = 1.3,

Inspection of the data of figqure 7 reveals a region of longitudinal instability
(positive values of de/da) for angles of attack from 18° to 35°, This unstable
region was of no concern for this center-of-gravity location, however, inasmuch as
large nose-down values of pitching-moment coefficient existed for that range of
angles of attack. These nose-down moments would cause the angle of attack to reduce
to the trimmed value of 11° for & = 35° if the configuration was perturbed to
angles in excess of 11° by dynamicecontrol inputs, wind gqusts, and so forth.

Thus, the configuration was inherently stall resistant for this representative
forward center-of-gravity position. The stall-resistance characteristic is depicted
in figure 8, which presents values of elevator deflection angle required to trim the
model to various angles of attack. For power-off conditions, the data trends are
very similar to those previously discussed for the stall-resistant configuration in
figure 4; that is, the elevator deflection angle required to increase angle of attack
markedly increased when the canard stalled, and angle of attack was inherently
limited to values below that required for wing stall. The data of figure 8 also
indicate that a high-power, low-speed condition of C,, = 0.4 resulted in a reduction
in longitudinal stability prior to canard stall; however, the maximum obtainable
angle of attack was still limited to about 12°.

In summary, the wind-tunnel results indicate that the model exhibited no criti-
cal longitudinal stability and control deficiencies for a forward center-of -gravity
position. The results indicate a highly desirable stall-resistant behavior, with
recovery possible from high-angle-of-attack excursions.

LONGITUDINAL CHARACTERISTICS FOR AFT CENTER~OF-GRAVITY LOCATIONS
In contrast to the highly desirable stall-resistant behavior exhibited by the
model for forward center-of-gravity locations, a marked degradation in stall resis-

tance, stability at the stall, and post-stall recovery occurred for aft center-of-
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gravity locations. In order to illustrate these points, the foregoing wind-tunnel
data have been recomputed and referred to a more rearward center-of-gravity location
of FS 24.8 in. Inasmuch as variations in center-of-gravity location do not affect
1lift or drag characteristics, the effects are discussed in terms of variations in
pitching moment and in longitudinal stability and control.

Presented in figure 9 are the values of pitching-moment coefficient referred to
FS 24.8 in. for power-off conditions. As a result of the normal reduction in longi-
tudinal stability caused by rearward movement of the center of gravity, the magni-
tudes of nose-down moments at post-stall angles of attack were markedly reduced. For
8 = 35°, the maximum trimmed angle of attack remained at 12° as for the forward
cgnter-of-gravity condition; however, a second stable trim point existed at « = 41°.
Nose-down elevator deflection (6 = -20°) provided the negative values of pitching-
moment coefficient required for %ecovery from the post-stall trim condition.

In addition to the degrading effects of the aft center-of gravity location on
post-stall recovery moments, further reductions in stall resistance and post-stall
recovery resulted from power effects. The effects of thrust on pitching-moment coef-
ficient are presented in figqure 10 for & = 35°., TFor C,Il = 0.4, large nose-up trim
changes were apparent which further reducéd the angle-of-attack~limiting characteris-
tics of the canard to the extent that the maximum trim value of angle of attack could
have exceeded that required for wing stall. The nose-up moments produced by
8 = 35° near a = 18° could have resulted in wing stall and entry into a region of
longitudinal instability with a stable "deep-stall" trim point near o = 60°, Recov-
ery from the deep-stall condition requires nose-down moments near o = 60°., As indi-
cated in figure 11, full nose-down control (§_ = -20°) at a = 60° did produce
negative values of pitching-moment coefficient., However, as angle of attack was
reduced during the recovery attempt, the magnitude of the pitching-moment coefficient
was reduced. At o = 50° the recovery moment became zero, resulting in another
deep-stall trim condition. Recovery from deep stall was possible if power was
reduced to idle.

An indication of the powerful influence of center-of-gravity location on recov-
ery from the deep-stall condition for this configuration is presented in figure 12.
Figure 12 is the variation of pitching-moment coefficient with normal-force coeffi-
clent Cy for Cq = 0.4 and for a full nose-down elevator deflection § = -=-20°,
Also plotted are radial lines which represent Cp = 0 for various centergof-gravity
locations. Recovery from the deep-stall condition requires that negative values of
pitching-moment coefficient be produced by & = -20°, BAs indicated by the data,
recovery was possible for center-of-gravity lgcations forward of about FS 24.7 in.
For center-of-gravity locations at and aft of FS 24.7 in., however, recovery from the
high-power deep stall by using only elevator control became marginal.

The effects of the aft center-of-gravity, high-power condition on elevator
deflection angle required for trim are shown in figure 13. As indicated by the data,
elevator deflections resulted in angles of attack in excess of the wing-stall angle
of attack for center-of-gravity locations of ¥S 24,8 in. and FS 25,7 in., followed by
trim at extremely high angles of attack.

LONGITUDINAL CHARACTERISTICS AT NEGATIVE ANGLES OF ATTACK
In addition to the foregoing characteristics, the model also exhibited a marked
reduction in longitudinal stability at negative angles of attack. As shown in fig-

ure 14, the stability reduction for FS 24.8 in. was large enough to result in neutral

7



to unstable characteristics. Bnalysis of individual canard and wing-body contribu-
tions to longitudinal stability indicate the loss of stability was caused by a pro-
nounced increase in adverse aerodynamic interference between the canard and the wing
for negative angles of attack. In particular, the data show that the lift-curve
slope of the wing was significantly reduced at negative angles of attack because of
increased downwash from the canard. The stabilizing contribution of the wing to
longitudinal stability was, therefore, reduced and overpowered by the destabilizing
contribution of the canard, resulting in marginal longitudinal stability.

As shown in figure 15, the elevator effectiveness at negative angles of attack
for FS 24.8 in. was maintained. However, controllability of the configuration would
be degraded, and such characteristics are unconventional and undesirable.

LATERAL-DIRECTIONAL CHARACTERISTICS

The wind-tunnel data indicate that the lateral-directional stability and control
characteristics of the model were satisfactory for normal flight operations at angles
of attack below wing stall. Within this range of angles of attack, the model
exhibited positive directional stability, stable dihedral effect, and satisfactory
aileron and rudder effectiveness for forward and aft center-of-gravity locations.

For angles of attack near or greater than the value required for wing stall, however,
several degraded lateral-directional characteristics were exhibited which would
affect the controllability of the model, particularly in combination with the uncon-
ventional longitudinal behavior previously noted for high-power, aft center-of-
gravity conditions.

Shown in fiqure 16 are the variations of yawing-moment coefficient Cn with
angle of attack for full rudder deflections at zero sideslip and Cp = 0.4. The data
indicate that a large nose-left yawing moment was produced -at the high-power, low-
speed condition. This effect, which was probably caused by swirl of the propeller
slipstream, required a large nose-right rudder deflection for directional trim at
angles of attack near wing stall (o = 18°). For higher angles of attack, the rudder
effectiveness was rapidly reduced because of impingement of the low-energy, stalled
wing wake on the wvertical tail and geometric alignment of the rudder hinge line in a
direction almost parallel to the free-stream velocity. The data indicate that direc-
tional control under high-power condition would be marginal near o = 25°,

Rolling-moment coefficients produced by the ailerons are presented in fiqure 17.
The data indicate that a roll asymmetry to the left occurred, and that asymmetry
could not be controlled above « = 22°, In addition, the aileron effectiveness
decreased markedly for post-stall angles of attack because of wing stall and flow
separation over the inboard-mounted ailerons. The foregoing data indicate the
lateral-directional controllability of the configuration would be markedly reduced at
post-stall angles of attack, particularly at angles near the high-power, deep-stall
trim condition (& = 60°),

In addition to reduced control effectiveness, the configquration exhibited unsta-
ble lateral and directional stability at post-stall angles of attack. Shown in fig-
ure 18 is the variation of the directional-stability derivative Cn with angle of
attack for Cp = 0.4. The data show a large reduction in C, at gngles of attack

greater than wing stall such that the configuration became digectionally unstable at
a > 30°. The loss of directional stability at post-stall angles of attack was caused
by impingement of the low-energy stalled wake on the vertical tail. BAs shown in
figure 19, the lateral-stability derivative CIB was strongly affected by elevator
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deflection. The loss of lateral stability was caused by asymmetric wing stall under
sideslip conditions. (The advancing wing stalled prior to the retreating wing.)
Elevator deflection aggravated the asymmetric stall because the canard downwash
reduced the local angle of attack on the retreating wing in the sideslip condition,
thereby delaying stall on the retreating wing and causing the advancing wing to stall
first.

CONFIGURATION EFFECTS ON STALL RESISTANCE

As part of the present investigation, an attempt was made to identify the con-
figquration features of the model which resulted in the foregoing undesirable stall
and post-stall characteristics for high-power, aft center-of—gravity conditions. As
indicated by the results of flow-visualization tests and force tests, the configura-
tion experienced canard stall prior to wing stall in accordance with design princi-
ples for canard configurations. However, the results of the present investigation
indicate that certain adverse configuration-dependent effects can overpower the stall
resistance provided by the canard. The degrading effects of aft center-of-gravity
locations have already been discussed; however, several geometric features can also
have significant effects on stall resistance.

A particularly informative illustration of configuration effects for canard-
airplane designs was provided by comparison of the present wind-tunnel results with
wind-tunnel data (ref. 1) previously obtained for the stall-resistant pusher canard
airplane discussed in a previous section. &Shown in figure 20 is a comparison of
pitching-moment coefficients for the two configurations for power-off conditions and
neutral controls. Of particular interest is the region near wing stall for both
designs. The data for the present model indicate longitudinal instability from
a = 18° (wing stall) to o« = 32° and minimal nose-down moments at high angles of
attack, whereas data for the stall-resistant pusher configuration indicate approxi-
mately neutral stability and large nose-down moments at high angles of attack. These
different post-stall aerodynamic characteristics, which are extremely significant for
stall resistance, are affected to a large extent by the stalling characteristics of
the airfoils selected for the canard and wing.

Shown in figure 21 are the lift contributions of the isolated canards (as mea-
sured by a canard balance) for each configuration. The pusher configuration uses the
GU 25-5(11)8 airfoil section (ref. 2), and the present design uses the NACA 23018
section. Significant differences can be noted in the general stall characteristics
of the canards. In particular, data for the canard of the pusher configuration indi-
cate a relatively gentle trailing-edge stall near o = 11°, with approximately
constant lift as angle of attack is increased to o = 23°; data for the present model
indicate a relatively abrupt stall near a = 8°, with a post-stall increase in lift-
curve slope. These variations in lift characteristics result in significant changes
in the contributions of the canard to longitudinal stability at high angles of

. attack.

It should be noted that the canard and wing contributions to stability are gen-
erally related to lift-curve slopes and are of an opposite nature; that is, a posi-
tive lift-curve slope for the forward-mounted canard is destabilizing (positive
contribution to d¢C./da), whereas a positive lift-curve slope for the wing-body
combination is stabilizing (negative contribution to dC_/da). Likewise, negative
lift-curve slopes are stabilizing for the canard and destabilizing for the wing-body
combination. The difference between the canard and the wing-body contributions, with
additional interference factors, represents the longitudinal stability of the total

9



airplane. The angle of attack for wing stall is indicated for each configuration,
and it is interesting to examine the canard contribution to stability in the imme- -
diate vicinity of wing stall. 'Thus, the data indicate that the canard of the present
model contributes destabilizing moments whereas the canard of the pusher configura-
tion contributes stabilizing moments. At immediate post-stall angles of attack, the
lift-curve slope of the wing for both configurations is negative, indicating destabi-
lizing contributions. When the destabilizing contributions of the canard and the
wing are combined for the present model, the complete configuration exhibits the
instability shown in figure 20. However, the stabilizing canard and destabilizing
wing contributions for the pusher configuration offset one another, resulting in near
neutral stability. In summary, the airfoil selected for the canard of the present
model exhibited undesirable lift characteristics at angles of attack beyond canard
stall. ¥

Finally, the significance of the critical power effects noted for the model can
be illustrated by comparison with those of the pusher configuration in figures 22
and 23. Shown in figure 22 are sketches which illustrate the major effects of power.
For the present model, analysis of the wind-tunnel data indicates that the large
nose-up trim changes previously discussed were caused by a combination of direct
propeller force contributions and induced effects. The direct propeller contribution
was the propeller normal force, or "fin effect," which caused a nose-up moment for
the tractor arrangement. The effects induced by the propeller slipstream include
increased canard lift and increased downwash on the wing. All these effects tended
to decrease stability and to increase nose-up moments. In contrast to these results,
the contribution of the pusher propeller increased stability and nose-down moments.
These effects were caused by a higher thrust line and a stabilizing propeller fin
effect due to the rear-mgounted propeller. BAs shown in figure 23, the trim changes
due to power for these canard airplane configurations were in opposite directions,
and the stabilizing, nose-down effects of power for the pusher confiquration are
apparent.

CONCLUSIONS

Analysis of aerodyamic data obtained in a wind-tunnel investigation of a
1/3-scale model of an advanced general aviation canard configuration indicates the
following conclusions:

1. For forward center-of-gravity locations, the model did not exhibit any sta-
bility and control characteristics which would be viewed as unsafe. The results also
indicate that the configuration would be extremely stall resistant. This highly
desirable stall-resistance characteristic resulted from the fact that the canard was
designed to stall prior to the wing. Stalling of the canard resulted in increased
longitudinal stability and decreased elevator effectiveness; both effects limited the
maximum obtainable trim angle of attack to values below those required for wing stall
for all power conditions tested.

2. For aft center-of-gravity locations and high-power, low-speed conditions, the
combined effects of nose-up trim changes due to power and reduced longitudinal sta-
bility overpowered the stall resistance provided by the canard. Large nose-up eleva-
tor control inputs in this condition could result in stalling of the wing. Wing
stall results in longitudinal instability and large nose-up moments which would tend
to increase angle of attack to a high-angle-of-attack, deep-stall trim condition.

The configuration had insufficient elevator effectiveness for recovery from the high-
power deep-stall condition, but recovery was possible if power was reduced to idle.
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3. Lateral-directional stability and control characteristics were degraded at
wing-stall and post-stall angles of attack. In particular, the dihedral effect
became unstable at stall, large directional trim changes occurred at high power set-
tings, and the rudder and aileron effectiveness became negligible at angles of attack
associated with the deep-stall condition.

4. The wind-tunnel results also indicate a marked reduction in longitudinal
stability at negative angles of attack because of increased aerodynamic interference
between the canard and the wing. Although the elevator remained effective for this
configuration, the loss of longitudinal stability (particularly for aft center-of-
gravity locations) is undesirable.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

March 19, 1984
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TABLE I.- GEOMETRIC CHARACTERISTICS OF THE MODEL

Reference dimensions:

Wing areal ft2 T O E SO S IEEECIES NI LGS EECEE IO EEES SO PEIEBESSEOECEEGEETCOETS 10.2

Span’ ft 8 0 E P ST PN TR TR BN GIEEEEEI PN EIPESEOIOTESIGECEOORTETERTS 8.44

Mean aerodynamic Chord, ino €6 68 S F BB GO GEEEEO OIS EROLEGEENEPENSABEEEDS 15.04

Wing:
BY@E; FL2 4veueasesaneacooanseaasnsasessssoansessssssenasssanssccsnsscensssae 1042
Span, Ft ceocectoncncssscsacassstsscsssasccasenrsssrsosssssssnsesescnssscssces 8.44
Cr LDNe eeessecsascsssassssoestoscoaacocsssscssssaasonssacacascascoascncsssose 15,04

L.E. FS Of E’ in. ® 60 S EPE TSSO ER LN ECIIIPENIPNIPOOEEOSEETITEOETOEGEEIERTOTS 34.30

ROOt Chord, Centerline, ino € 060080 C8GE08EEEEEISNCTEENTENEEErPFReOEeEECEROEOIECEOIOTTOROEESORDN 19.33

Height WL, iNe eeccesvoceacsansccssacacsvsoscssccocsnsscssncsasnssnsscscssscsossaes 4,7
Tip chord, iNe ceoeosocesssscsscssssssseorssssrasscssssansssscsssssasasscscscsss Jeb7
Dihedral, deg €0 00 e 00 0E0E0EE0EEE00T0ECIEacensasicstccsecscasosscsstccnocesssas 3.0
L.Es SWEEP; €T ceecssscscsscsscscsosoasassossasccsssscsssscssscacsssssnccscsses 10.8
Incidence at BL 24 (airplane), relative to WL, d€g scevecsesscctsscsssscsscnsns 0.8

TiP incidence’ relative to WII, deg 9 0 ¢ QG0 G0 P 0N SO RN SN EENEE NS EOEIETIOOCEOETEEOODS _1.2
Airfoil section:
Root (BL 24) ® G 0 0 08 6 000 E NN A SR EOS O AR ENE S EE Gt E eSS EEYPETEETSDS NACA 23018

Tip ® 0 00660 CEENNECESEEEENENESTREERLBEE0EEENETEEEIEEOEEIEOEERNOOEBIOEETROESBETBSIIE NACA 23012

Aileron:
Travel’ deg LK B BN BE BN BE N BN BN B B BN BN RY BN BN BN BN BN BN BN RN BN Y BN BN BN N BN BN BN BN BN BN RN BY BN BN BN BN N BN BN NN BN N BN BN BN B B BN B BN BN BN BN ) -20 to 20

d‘lord’ inl € 0 6 0 &0 60 60 6008060000008 0880080 G 00605000 8060006006060 6¢¢0ss0sCCEPPOLE 2.67

Span, INe scetocctenscccrtscanascassaccssssasecssesascssssssosssccsascacsssse 21433

Canard:

Areda; Ft® ceecestsscsctesccccscsstsncssstacscssctosscncssscosssssstsasssanssncnss 4.97
Span,; £t eeescccsscoscsscscecsrosesssscsscssssssscosscssssasacncnrcsnsscnssssses 0439
D 1 A - T 1=
LeEe FS OF C; ifle eoesosonscevoscssosccaososssssacascsscsssssocscssssscesscee Teb66

ROOt Chord, in. € 6806000880608 008E80 0068666680600 0E800CE0E00EAECEEELERNSEENSEOEOEOEEROESEEROSTSETS 10.67

Height WL, iNe sseecescesscssacsssacssesasescasessscssssssasassssasssscsscsace 8.0
Tip chord, INe eceoesecccosccscrorsosscssscscassrscesscsssssscssssesssenssstsssse 8.0
Dihedral, GEQ secocscescesesssescserscscscscscscacsasascensccscscscssscccsssnasse 3.0
L.E. sweep, deg © 6 0 0000000 EEEEE NI EREEITOENElateeEenNORNtIsOIOsIOIOEROIETROIEDITS 0
Root incidence, relative to WL, d€Qg ecsccsssscossoccsssosscsscscsscacsosssscds 4.8
Tip incidence, relative to WL, G€Q ccssssescccssvsosssscccosssocsassvscssssasce 4.8

Airfoil section:
ROOL ceeoeccsstsesocossscoccssssasscssscccssassasosasnsscsnsssascssssese NACA 23018
TiD cescesescccocssssvssesocasssvncsssosssassssssscsacssssssssesncscesess NACA 23015
Elevator:
Travel, deg ccecescccsessscscsccscccsssssssssanssvsoscsnssscssnssssssase —20 to 35

Hinge line €6 6080 6CEGEEEEREEEEEINEEEECEEEEEEEEESERETEGCEEBCEOERIGEIBGEOEOTOIEETSETSTDS 0.76C

Vertical tail:

Area[ ft EEEREEEERNEEN NN NN N NIEIE NI NI NN B I R A B NN N R BN SR N R R BB B BB Y BB Y B 1.11
Span, I1fle tevetoetccscseserersssectessotsceesccstescssscscscsssscsnssncssssscnse 15.0
Root chord, iNe ececcecsccccccscacesoscscacsacascsccsccccsccscscsssascsscscscscsnces 14,67
Tip chord, iNe ceeeceasscsescscssanscccsocsscsvsscssssscsssscssssassassscssssscss 6ab7
Airfoil section:

Root PN I N I R N N B R I O B R R B RN Y R RN R RN R R R R R R R RN B R R B RN RN RN R R RN BB RN CRE BB IR IR RN BN BB B B B NACA 0012

Tip € 0 60 6060660 8¢ 600 ¢0 ¢80 AR EEEEEEE0E OG0 0 000 ¢ 0 ¢8 G000 0SR20 SRRSO SIBSEOSEITDN NACA 0010.5
Rudder hinge 1ine esessscsssesosccsscessasssssssaassassesecsssvsccacscsnssnsscncsce Uo’C

LIE. SWeeP, deg G0 ¢ 0 &0 ¢ S0 S0 FOEEFEEEOTN RO OO EO ¢RI e RCEECEPEOEEETOETOEEOETSPOETIOT 45.0
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Photographs of model.
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(b) Rear quarter view.
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(a) Lift and pitching moment for full nose-up elevator input.

Figure 4.- Longitudinal wind-tunnel data for pusher canard airplane showing
stall resistance (ref. 1).
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(b) Elevator deflection required for trim.

Figure 4.~ Concluded.
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Figure 5.-

Flow-visualization

results for neutral controls

with propeller windmilling.
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Figure 5.- Continued.
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Figure 5.- Continued.
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Figure 5.- Concluded.
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Figure

(a) Windmilling propeller.

6.- Typical effects of power at post-stall angles of attack.

o = 28°,
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Figure 6.- Concluded.




6¢

PITCHING-
MOMENT
COEFFICIENT,

C
m

LIFT
COEFFICIENT,

C

8- ELEVATOR DEFLECTION

s 35 (MAX NOSE UP)
————— 20° (MAX NOSE DOWN)

0 10 20 30 40 50 60 70 80 90
ANGLE OF ATTACK, deg

Figure 7.- Longitudinal characteristics for forward center-of-gravity location of

FS 23.3 in. with power off.
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Figure 8.- Variation of elevator deflection angle required for trim with angle of

attack for FS 23.3 in.
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Figure 9.- Aerodynamic pitching moments for aft center-of-gravity location of
FS 24.8 in. with power off.
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Figure 10.,- Effects of thrust coefficient on pitching-moment characteristics for aft
center-of gravity location of FS 24.8 in. 6e = 35°,
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Figure 11.- Effect of elevator deflection on deep stall trim condition.
Center of gravity at FS 24,8 in.
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Figure 12.- Effects of center-of -gravity location on elevator recovery from deep
Stallo CT = 0.4; 6e = —20°.
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Figure 13.- Effects of center—of—gravity location on elevator deflection angle
required for trim., CT = 0.4,
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Figure 14.- Effects of center-of-gravity location on longitudinal stability at

negative angles of attack. Cp = 0; Ge = Q°,
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Figure 15.- Elevator effectiveness at negative angles of attack for center of

gravity at FS 24.8 in. Cp = 0.4.
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Figure 16.— Variations of yawing-moment coefficient with angle of attack and rudder

deflectiono cT = 0.4.
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Figure 17.- Variation of rolling-moment coefficient C, with angle of attack and
aileron deflection. Cp = 0. 4.
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Figure 18.- Variation of directional-stability derivative Cn with angle of attack. Cp = 0.4.
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Figure 19.- Effects of elevator deflection angle on dihedral effect. Cp = 0.4.
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Figqure 20.- Comparison of pitching-moment data for two canard configurations for
power off and neutral controls.
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Figure 21.- Comparison of canard lift characteristics.
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Figure 22.- Illustration of power effects.
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Figure 23.-~ Effect of power on pitching-moment coefficient.
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